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(54) Method of forming silicon oxide layer for semiconductor devices using low pressure 
chemical vapor deposition (LPCVD) 



(57) A premise for a method of forming a silicon 
oxide film is to use a low pressure CVD method in which 
silane gas and nitrous oxide gas are used as prindpal 
materials. A deposition condition is that a deposition 
temperature Is 800*'C or lower, a gas pressure of the 
principal materials is 150 Pa or smaller, and a gas flow 
rarte of the principal materials is 0.018 liter/min or 
smaller per 1 liter of capacity of a reaction chamber 
under a standard condition of ZS'^C at one atmospheric 
pressure. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of form- s 
ing a silicon oxide film which is used in a semiconductor 
device such as a VLSI by utilizing a low pressure CVD 
(chemical vapor deposition) method, and also to a 
method of manufacturing a semiconductor device using 
the method of forming a silicon oxide film. io 

As a method of forming a silicon oxide film which is 
used in a semiconductor device such as a VLSI, a low 
pressure CVD method, an atmospheric pressure CVD 
method and a plasma CVD method are known. . 

When aluminum Is used as a wire material, since is 
the melting point of aluminum is as low as 660°C, an 
atmospheric pressure CVD method, a plasma. CVD 
method, and the like are often used in which deposition 
of a film is possible at a low temperature near 406''C. 

However, a silicon oxide film which is formed by a 20 
low pressure CVD method is superior to a silicon oxide 
film which is formed by an atmospheric pressure CVD 
method, a plasma CVD method or the like in terms of 
density and purity. Hence, it is desirable to use a silicon 
oxide film which is formed by a low pressure CVD 25 
method, as an insulating film for a gate electrode or as 
a side-wall for a gate electrode and the like. 

Silicon oxide films are classified into LTO (Low Tem- 
perature Oxide) films which are deposited at a low teni- 
perature about 400°C by an atmospheric pressure CVD 30 
method, a plasma CVD method or the like and HTO 
(High Temperature Oxide) films which are deposited at 
a high temperature from 700 to 850*C by a low pressure 
CVD method. Hence, In the following description, a sili- 
con oxide film which is formed by an atmospheric pres- 35 
sure CVD method, a plasma CVD method or the like will 
be referred to as an LTO film, whereas a silicon oxide 
film which is formed by a low pressure CVD method will 
be referred to as a HTO film. 

For forming an HTO film, a method using stiane 40 
(SiH4) gas and nitrous oxide (N2O) gas as principal 
materials and a method using tetraethoxysilicate 
{Si(OC2H5)4; hereinafter referred to a TEOS), i.e., 
organic gas. and oxygen or ozone-contained oxygen 
are known. 45 

By the way, in recent years, since a semiconductor 
device is desired to operate at a higher speed and low 
consumption power, a further increase in the integration 
and the density of a VLSI is demanded. To meet this 
demand, it Is necessary to control a diffusion profile of so 
an impurity more accurately so that a deterioration in 
the performance and the reliability of a transistor is pre- 
vented. From this point of view, during a step of forming 
a silicon oxide film by a low pressure CVD method, it is 
necessary to decrease a deposition temperature and ss 
reduce a deposition time. 

Since the method using TEOS allows to deposit a 
silicon oxide film at a deposition temperature of about 
700°C and a deposition speed of about 6 to 7 nm/min. 



this method is superior to the method which uses silane 
gas. In terms of a decrease in a temperature during 
processes and ease of mass production. Hence, a low 
pressure CVD method using TEOS is often used in 
manufacturing processes for manufacturing a semicon- 
ductor device such as a VLSI. 

However, a low pressure CVD method using TEOS 
has the following problems. 

Rrst, since the coefficient of contraction of an HTO 
film is high, thermal processing at about 900*C to acti- 
vate an impurity creates a crack in the HTO film in some 
cases. Such a crack serves as a cause of stripping off of 
the film and a deterioration in insulation performance, 
and hence, reduces the yield. 

Second, a large quantity of reaction byproducts 
adhere to an inner wall of an exhaustion duct pipe. This 
is because an intermediate product which is created by 
TEOS and thermal decomposition of TEOS tends to 
gets liquefied or aggregates within the exhaustion duel 
pipe which remains at a lower temperature than a reac- 
tion pipe. The byproducts adhered to the inner wall off 
the exhaustion duct pipe results in dusts or clogs the 
exhaustion duct pipe, and therefore, a maintenance 
cycle becomes extremely short. 

In this manner, a low pressure CVD method using 
TEOS has a problem that the yield is greatiy reduced 
and a cost for maintaining a device is increased. 

For this reason, a low pressure CVD method using 
silane gas is preferred to form a silicon oxide film during 
manufacturing processes for manufacturing a semicon- 
ductor device such as a VLSI. 

In this case, it is necessary to form a silicon oxide 
film with a uniform thickness to improve the yield. How- 
ever, a silicon oxide film which is formed by a conven- 
tional low pressure CVD method using silane gas is not 
satisfactory with respect to the uniformness of the film 
thickness, which is a first problem. 

Further, while a deposition temperature is conven- 
tionally 820'C or higher since a deposition speed is 
slow in a tow. pressure CVD method using silane gas, 
when a deposition temperature is 820*C or higher, it is 
impossible to accurately control a diffusion profile of an 
impurity. Therefore, to accurately control a diffusion pro- 
file of an impurity, it is necessary to form a silicon oxide 
film at 800*C or a lower temperature and in a short dep- 
osition time. Howes^er, if a deposition temperature is set 
at 800°C or at a lower temperature in a conventional low 
pressure CVD method using silane gas. a deposition 
time must be increased. Due to this constraint it is still 
impossible to accurately control a diffusion profile of an 
impurity, which is a second problem, 

SUMMARY OF THE INVENTION 

The present invention has been made to solve 
these problems. Accordingly, in a meUiod of forming a . 
silicon oxide film by a low pressure CVD method using 
silane gas. a first object of the present invention is to 
form a silicon oxide film with a uniform thickness, and a 
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second object of the present invention is to accurately 
control diffusion of an impurity in a-semioonductpr sii^- 
strat . 

To attain the first object above, a first method of 
forming a silicon oxide film according to the present s 
invention comprises a silicon oxide film depositing step 
of depositing a silicon oxide film by a low pressure CVD 
method in which silane gas and nitrous oxide gas are 
used as principal materials, and the silicori oxide filrh 
depositing step is performed under a deposition condi- io 
tion that a deposition temperature is 800**C or lower and 
a gas flow rate of the principal materials is 0.018 
liter/min or smaller per 1 liter of capacity bt a reaction 
chamber under a standard condition of 25''C at one 
atmospheric pressure. is 

In the first method of forming a silicon oxide film, 
when the deposition temperature is BOO^'C and the gas 
flow rate of the principal materials is 0.018 liter/min per 
1 liter of capacity of the reaction chamber under the 
standard condition, the uniformness of the film thick- 20 
ness of a resultant silicon oxide film reaches a limit of a 
tolerance range. Since collision between reaction prod- 
ucts (deposits) becomes less frequent as the deposition 
temperature becomes lower than 800^'C, the uniform- 
ness of the film thickness of a silicon oxide film is 25 
improved, if the deposition temperature is equal to or 
lower than 800''C. the uniformness of the film thickness 
of a silicon oxide film stays within the tolerance range. 
Further, when the gas flow rate of the principal materials 
becomes smaller than 0.018 liter/min per 1 liter of 30 
capacity of the reaction chamber under the standard 
condition, a flow of gas within the reaction chamber 
becomes more like a laminar flow, which makes it diffi- 
cult for the gas to swirl between wafers. Since this 
improves the uniformness of tiie film thickness of a sill- 35 
con oxkie film which is deposited on a wafer, if the gas 
flow rate of the principal materials is 0.018 liter/min or 
smaller, the uniformness of the film thickness of the sili- 
con oxide film stays within the tolerance range. Hence, 
the uniformness of the film thickness of the silicon oxide 40 
film which is obtained is improved. 

In the first method of forming a silicon oxide film, the 
deposition condition preferably includes a condition 
which causes a gas pressure of the principal materials 
to become equal to or smaller than 170 Pa. This 45 
ensures that the uniformness of the film thickness bf a 
silicon oxide film which is obtained stays within the toler- 
ance range of 4% or smaller. 

In the first method of forming a silicon oxide film, the 
deposition condition preferably includes a condition so 
which causes a gas pressure of the principal materials 
to become equal to or smaller than 125 Pa. This 
ensures that the uniformness of the film thickness of a 
silicon oxide film obtained is ideally 3% or smaller. 

To attain the second object above, a second ss 
method of forming a silicon oxide film according to the 
present invention comprises a silicon oxide film deposit- 
ing step of depositing a silicon oxide film by a low pres- 
sure CVD method in which silane gas and nitrous oxide 



gas are used as principal materials, and ttie silicon 
oxide film depositing step is performed under a'deposi- 
tibn condition that a deposition temperature is SOO^C or 
lower and a gas pressure of the principal materials is 
100 Pa or larger. 

In the second method of forming a silicon oxide fitrn, 
since the depositi'on temperature is 800*'C or lower and 
the gas pressure of the principal materials is 100 Pa or 
larger, it is possible to steadily suppress diffusion of an 
impurity, and therefore, It is possible to satisfy a stand- 
ard which is usually used in manufacturing processes . 
for manufactijring a VLSI that an effective gate length Is 
80% or longer of a designed gate length. Since the 
effective gate length is the most sensitive to an advers 
effect due to impurity diffusion during VLSI manufactur- 
ing processes, if the standard requiring the effective 
gate length to be 80% or longer of the designed gat 
length is satisfied, a silicon oxide film is sufficiently 
appropriate as an insulating film such as an insulating 
film which is disposed between a control gate arxi a 
floating gate of a flash memory. Hence, it is possible to 
deposit a silicon oxide film while steadily suppressing 
diffusion of an impurity. 

In the second method of forming a sijicon oxide film, 
the deposition temperature is preferably from 780**C to 
800''C and the gas pressure of the principal materials is 
preferably 100 Pa or larger. This makes it possible to 
steadily suppress diffusion of an impurity so that the 
effective gate length/tiie designed gate length becomes 
80% or smaller. 

In the second method of forming a silicon oxide filrii. 
alternatively, the deposition temperature is preferably 
from 740**C to 800**C and the gas pressure of the princi- 
pal materials is preferably 125 Pa or larger. This makes 
it possible to steadily suppress diffusion of an impurity 
so that the effective gate length/tiie designed gate 
length becomes 80% or smaller. 

Thus, according to the first or the second method of 
forming a silicon oxide film, it is possible to improve the 
yield of manufacturing a semiconductor device without 
modifying a low pressure CVD system. 

A first method of manufacturing a semiconductor 
device according to the present invention comprises: a . 
gate electrode forming step of forming a gate electrode 
on a semiconductor substrate in which an impurity- 
llghtiy-doped region is formed; a side-wall forming step 
of forming a side-wall of a silicon oxide film on the sem- 
iconductor substrate and at a side surface of the gate 
electrode; and a step of forming an impurity-heavliy- 
doped region by implanting an impurity into the semi- 
conductor substrate while using the gate electrode and 
the side-wall as a mask, wherein the side-wall forming 
step includes a step of forming the silicon oxide film by 
a low pressure CVD method in which silane gas and 
nitrous oxide gas are used as principal materials, under 
a deposition condition that a deposition temperature is . 
SOO'^C or lower and a gas pressure of the principal 
materials is 100 Pa or larger. 
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In the first method of manufacturing a semiconduc- 
tor device, due to an effect which is similar to that 
obtained in the second method of forming a silicon 
oxide film, it is possible to suppress diffusion of an impu- 
rity in the impurity-lightly-doped region which is formed 5 
in the semiconductor substrate during deposition of the 
silicon oxide film at the side*wall forming step! Hence, it 
is possible to improve a characteristic of a semiconduc- 
tor device which has a LDD structure. 

A second method of manufocturing a semiconduc- 10 
tor device according to the present invention comprises: 
a wiring layer forming step of forming a wiring layer on a 
semiconductor substrate which is doped with an impu- 
rity; and an insulating film depositing step of depositing 
an insulating film of a silicon oxide fflrti on the wiring is 
layer, wherein the insulating film depositing step 
includes a step of forming the silicon oxide film by a low 
pressure CVD method In which silane gas and nitrous 
oxide gas are used as principal materials, under a dep- 
osition condition that a deposition temperature is SOO^'C 20 
or lower and a gas pressure of the pfindpal materials is 
100 Pa or larger. 

In the second method of manufacturing a semicon- 
ductor device, due to the effect which is similar to that 
obtained in the second method of forming a silicon 25 
oxide film, since it is possible to suppress diffusion of an 
impurity which is doped in the semiconductor substrate 
at the step of forming the insulating film of the silicon 
oxide layer on the wiring layer, it is possible to improve a 
characteristic of the semiconductor device. so 

A third method of manufacturing a semiconductor 
device according to the present invention comprises: an 
insulating film depositing step of depositing an insulat- 
ing film of a silicon oxide film on a semiconductor sub- 
strate which is doped with an impurity; a conductive film 35 
depositing step of depositing a conductive film on the 
insulating film; and an etching step of etching the con- 
ductive film using the insulating film as an etching stop- 
per, wherein the insulating film depositing step includes 
a step of forming the silicon oxide film by a low pressure 4o 
CVD method in which silane gas and nitrous oxide gas 
are used as principal materials, under a deposition con- 
dition that a deposition temperature is 800'*C or lower 
and a gas pressure of the principal materials is 100 Pa 
or larger. 45 

In the third method of manufacturing a semiconduc- 
tor device, due to the effect which is similar to that 
obtained in the second method of forming a silicon 
oxide film, since it is possible to suppress diffusion of an 
impurity which is doped in the semiconductor substrate so 
at the step of forming the Insulating film of the silicon 
oxide film which serves as an etching stopper during 
etching of the conductive film, it is possible to improve a 
. characteristic of the semiconductor device. 

A fourth method of manufacturing a semiconductor ss 
device according to the present invention comprises: a 
first conductive film depositing step of depositing a first 
conductive film which serves as a floating gate on a 
semiconductor substrate which is doped with an impu- 



rity: an insulating film depositing step of depositing an 
insulating film of a silicon oxkle film on the first conduc- 
tive film; and a second conductive film depositing step of 
d^ositing a second conductive film which serves as a 
control gate on the insulating film, wherein the Insulating 
film depositing step includes a step of forming the sili- 
con oxide film by a low pressure CVD method in which 
silane gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a deposition 
temperature is 800*C or lower and a gas pressure of the 
principal materials is 100 Pa or larger. 

In the fourth method of manufacturing a semicon- 
ductor device, due to the effect which is similar to that 
obtained in the second method of forming a silicon 
oxide film, it is possible to suppress diffusion of an impu- 
rity which is doped in the semiconductor sufc)strate at the 
step of forming the insulating layer of the silicon oxide 
film which Is disposed between the floating gate and the 
control gate. Further, when the first conductive film is 
made of polysilicon. since it is possible to suppress 
growth of particles of polysilicon during deposition of the 
silicon oxide film, it is possible to lessen defects in tiie 
insulating film which contacts with the first conductive, 
film arxJ mechanical stress which is applied upon tiie 
insulating film. Hence, it is possible to improve a charac- 
teristic of the semiconductor device such as a flash 
memory. 

A fifth method of manufacturing a semiconductor 
device according to the present invention comprises: a 
first conductive film depositing step of depositing a first 
conductive film which serves as a floating gate on a 
semiconductor substrate which is doped with an impu- 
rity; an insulating film depositing step of depositing an 
Insulating film of a silicon oxide film on the first conduc- 
tive film; and a second conductive film depositing step of 
depositing a second conductive film which serves as a 
control gate on the insulating film, wherein the insulating 
film depositing step Includes a step of forming the sili- 
con oxide film by a low pressure CVD method in which 
silane gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a deposition 
temperature is 800**C or lower and a gas flow rate of the 
principal materials is 0.018 liter/min or smaller per 1 liter 
of capacity of a reaction chamber under a standard con- 
dition of 25**C at one atmospheric pressure. 

In the fifth method of manufacturing a semiconduc- 
tor device, due to the effect which is similar to that 
obtained in the first method of forming a .silicon oxide 
film, it is possible to suppress a variation in the unifbrm- 
ness of the film tiilckness of tiie insulating film of the sil- 
icon oxide film which is disposed between the floating 
gate and the control gate. Hence, it is possible to 
improve a characteristic of the semiconductor device 
such as a flash memory. 

A sixtii method of manufacturing a semiconductor - 
device according to the present invention comprises: an 
insulating film depositing step of depositing an Insulat- 
ing film of a silicon oxide film ori an ITO substrate; and a 
conductive film depositing step of depositing a conduc- 
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tive film which serves as a source/drain region on the 
insulating filni; wherein the insulating film depositing 
step Includes a step of forming the silicon oxide film by 
a low pressure CVD method in which silane gas and 
nitrous oxide gas are used as principal materials, under 5 
a deposition condition that a deposition temperature is 
800*C or lower and a gas pressure of the principal 
materials is 1 00 Pa or larger. 

In the sixth method of manu^cturing a semicon- 
ductor device, it is possible to reduce thernial damage. 10 
to the ITO substrate at the step of depositing the insulat- 
ing film of the silicon oxide film on the ITO substrate. 
Hence, it is possible to enhance a characteristic of a 
TFT which is formed on the ITO substrate. 

IS 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. lis a structure diagram of a low pressure CVD 
system which is used for a method of forming a sil- 
icon oxide film according to preferred embodiments 20 
of the present invention; 

Fig. 2 is a view showing a relationship between a 
gas pressure within a reaction chamber and the 
uniformness of a film thickness, using a flow rate of 
principal material gas as a parameter; . 2s 
Rg. 3 is a view showing a relationship between a 
deposition temperature and a deposition speed 
which enables an effective gate length: L^n - 0-24 
^im when a designed gate lengthiLjesign = 0.30 jim; 
Rg. 4 is a view showing a relationship between a 30 
deposition temperature and a deposition speed, 
using a gas pressure of principal materials as a 
parameter; 

Rgs. 5{a) to 5(c) are cross sectional views showing 
respective steps of a first metiiod of manufacturing 35 
a semiconductor device according to the present 
invention; 

Figs. 6(a} and 6(b) are cross sectional views show- 
ing the respective steps of the first method of man- 
ufacturing a semiconductor device according to the 4o 
present invention; 

Figs.. 7(a) and 7(b) are cross sectional views show- 
ing the respective steps of the first method of man- 
ufacturing a semiconductor device according to the 
present invention; 45 
Figs. 8(a) and 8(b) are cross sectional views show- 
ing respective steps of the first method of manufac- 
turing a semiconductor device according to. the 
present invention; 

Fig: 9 is a cross sectional view showing a step of so 
the first metiiod of manufacturing a semiconductor 
device according to the present invention; 
Fig. 10 is a view showing a degree of a decrease in 
an effective channel length in cases where an HTO 
film is deposited in a prefen-ed embodiment and a ss 
comparison example, for the purpose of evaluating 
the present invention; 

Figs. 11 (a) to 11 (c) are cross sectional views show- 
ing respective steps of a second method of manu- 



facturing a semiconductor device according to the 
present iriventiqn; 

Rgs. 12(a) and 12(b) are cross sectional views 
showing the respective steps of the second method 
of manufacturing a semiconductor device according, 
to the present invention; 

Rg. 13 is a cross sectional view showing a step of 
the second method of manufacturing a semicon-. 
ductor device according to tiie present invention; 
Rgs. 1 4(a) to 1 4(c) are cross sectional views show- 
ing respective steps of a third method of manufac- 
turing a semiconductor device according to the 
present invention; and 

Rgs. 15(a) to 15(c) are cross sectional views show- 
ing the respective steps of the third method of man- 
ufacturing a semiconductor device according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In the following, a description will be given on a low 
pressure CVD system which is used for a low pressure 
CVD method In which silane gas and nitrous oxide gas 
are used as principal materials, with reference to Fig. 1 . 

Rg. 1 shows a structure of the low pressure CVD 
apparatus. In Fig. 1. denoted at 1 is a wafer support 
board for holding a plurality of wafers in a horizontal 
state, denoted at 2 is an Inner tube which serves as a 
reaction chamber for storing the wafer support board 1; 
denoted at 3 is an outer tube covering the inner tube 2, 
denoted at 4 is a heater which is disposed externally to 
the outer tube 3. denoted at 5 is a gas irrtroduction pipe 
for introducing material gas into the inner tube 2, 
denoted at 6 is a mass flow controller for controlling a 
flow rate of gas which is Introduced through the gas 
introduction pipe 5, denoted at 7 is exhausting means 
for exhausting gas or the like from the inner tube 2, 
denoted at 8 is an external thermocouple, denoted at 9 
is an internal thermocouple, denoted at 10 is a pressure 
gauge, and denoted at 11 is control means. 

Silane gas (SiH4) and nitrous oxide gas (N2O) 
which are used as principal material gas are introduced 
into the inner tube 2 tiirough the gas inf reduction pipe 5, 
so that silicon oxide films are formed on the wafers 
which are held by the wafer support board 1 . 

The material gas within the inner tube 2 arxi nitro- 
gen, vapor, hydrogen and the like which are generated 
duririg reaction are discharged outside by the exhaust- 
ing means 7 through the outer tube 3. 

The external thermocouple 8. the internal thermo- 
couple 9. the pressure gauge 10 and the mass flow con- 
troller 6 measure a temperature, a gas pressure and a 
gas flow rate within the inner tube 2. The control means 
1 1 compares the measurement with a set value to yield 
a deviation, and controls electric power to the heater 4, 
the exhaust volume of the exhausting means 7. the 
opening degree of a valve of the mass flow controller 6 
and the like so that set values are maintained. 
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.Now. a description will be given on a method of 
forming a silicon oxide film by a low pressure CVD 
method according to a first preferred embodiment of the 
present invention. 

The first preferred embodiment is related to a 
method of forming a silicon oxide film by a low pressure 
CVD method in which silane gas and nitrous oxide gas 
are used as principal materials. To attain a uniform film 
thickness of a silicon oxide film, the first preferred 
embodiment sets a deposition condition for depositing a 
silicon oxide film so that a deposition temperature is 
800**C or lower and a gas flow rate of the principal mate- 
rials is 0.018 liter/min or smaller per 1 liter of capacity of 
a reaction chamber under a standard condition of 25^C 
at one atmospheric pressure. 

Fig. 2 shows a relationship between a gas pressure 
within a reaction chamber (Pa) and the uniformness of a 
film thickness (%), using the flow rate of the principal 
material gas as a parameter. In Rg. 2, Q expresses a 
case where the gas flow rate of the principal materieil 
gas is 0.018 liter/min per 1 liter of capacity of a reaction 
chamber under the standard condition of 25^*0 at one 
atmospheric pressure, whereas • expresses a case 
where the gas flow rate of the principal material gas is 
0.045 liter/min per 1 liter of capacity of a reaction cham- 
ber under the standard condition of 25''C at one atmos- 
pheric pressure. In either one of the cases O- 
the deposition temperature is SOO^'C. The uniformness 
of the film thickness of a silicon oxide film in a semicon- 
ductor device such as a VLSI should be within a toler- 
ance range of 4% or smaller and is ideally 3% or 
smaller, as denoted by dotted lines. 

As can understood in Fig. 2, the uniformness of 
the film thickness deteriorates as the gas pressure 
decreases. This may be because particles of the princi- 
pal material gas collide with each other less frequently 
within- the reaction chamber as the gas pressure 
decreases. 

Further, as can be understood from comparison of 
the solid line connecting the symbols O and the solid 
line connecting the symbols • in Rg. 2. when the gas 
pressure does not change, as the flow rate of the gas 
increases, the uniformness of the film thickness of a sil- 
icon oxide film deteriorates. This may be because the 
. state of the gas flowing among the wafers which are 
held by tiie wafer support board 1 shown In Rg. 1 
changes from a laminar flow to a turbulent flow. That is. 
swirling of the gas is created among the wafers if a flow 
of the gas changes to a turbulent flow, and the swirling 
gas prevents the film thicknesses of silicon oxide films 
which are deposited on the wafers from becoming uni- 
form. The deposition speed of a silicon oxide film is not 
very much related to a change in a gas flow rate, but is 
dependent upon a gas pressure and a deposition tem- 
perature. 

As can be understood in Fig. 2, the uniformness of 
the film thickness stays within the tolerance range Of 4% 
or smaller when tiie gas pressure is 170 Pa or smaller 
but is ideally 3% or smaller when the gas pressure is 



125 Pa or smaller, if tiie gas flow rate of the principal 
material gas is 0.018 liter per 1 liter of capacity of the 
. reaction chamber under the standard condition. 

Although Fig. 2 shows a case where the deposition 

5 temperature is 800*»C, since the frequency of collision 
between reaction products (deposits) decreases as the 
deposition temperature decreases, the uniformness of 
the film thickness is improved. Hence, when the gas 
flow rate is limited as described above, in a temperature 

10 region in which the deposition temperature is BOO^'C or 
lower, tiie uniformness of the film thideiess is clearly 
ensured. 

Now, a description will be given to a method of 
forming a silicon oxide film by a low pressure CVD 

15 method according to a second preferred embodiment of 
the present invention. 

The second preferred embodiment is related to a 
method of forming a silicon oxide film by a low pressure 
CVD method in which silane gas and nitrous oxide gas 

20 are used as prindpal materials. To form a silicon codde 
film while suppressing diffusion of an impurity, the sec- 
ond preferred embodiment sets a deposition condition 
for depositing the silicon oxide film so that a deposition 
temperature is 800**C or lower and a gas pressure of ttie 

25 principal materials is 100 Pa or smaller. 

A basic policy in the second preferred embodiment 
is to suppress diffusion of an impurity so that a standard 
which is usually .used in manufacturing processes for 
manufacturing a field effective transistor having an LDD 

30 structure that an effective gate lengtii:Leff is 80% or 
larger of a designed gate length: Udesign- 1" manufiactur- 
ing processes for manufacturing a semiconductor 
device such as a VLSI, a standard requiring an effective 
gate length of a field effective transistor having an LDD 

35 structure to be 80% or larger of a designed gate length 
is the severest. Therefore, if this standard is satisfied, a 
silicon oxide film is sufficiently appropriate as an insulat- 
ing film such as an insulating film which is disposed 
between a coritrol gate arid a floating gate of a flash 

40 memory. 

Further, since effective gate leingth/designed gate 
length is in inverse proportion to a product of the diffu- 
sion easiness of an impurity and a deposition time, (dif- 
fusion easiness of impurity) x (deposition time) is in 

45 proportion to a diffusion volume of an impurity. 

Hence, rf the deposition condition for depositing a 
silicon oxide film is set so that L^ff s 0.24 ^im when Lde- 
sign = 0.30 pm, it IS possibte to satisfy the condition for 
suppressing impurity diffusion which is required during 

so VLSI manufacturing processes. 

Rg. 3 shows a relationship between a deposition 
temperature ("C) and a deposition speed (deposition 
rate: nm/min) which ensures that Lgff = 0.24 pm when 
kiesign = 0-30 ^m. The hatched region is a region where 

55 Lqj, a 0.24 ^im when Ujesign = 0.30 ^im. If a silicon oxide 
film is deposited in tiie hatched region, an effective gate 
length becomes 80% or larger of a designed gate 
length. 
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Rg. 4 shows a relationship between a deposition 
temperature (^'C) and a deposition speed (nm/min), 
using a gas pressure of the principal materials, as a 
parameter, with respect to cases where the gas pres- 
sure is 1 25 Pa, 100 Pa and 73 Pa. The dashed-and-dot- s 
ted line in Fig. 4 corresponds to the solid line In Fig. 3. 
In Fig. 4, hatching is omitted for convenience of illustra- 
tion. 

As can be understood in Fig. 4, since the solid line 
connecting the symbols O denoting the case where io 
the gas pressure is 100 Pa is located above and close 
to the dashed-and-dotted line, to ensure the effective 
gate length as above when the deposition temperature 
is 800''C or lower, it is necessary to set the gas pressure 
equal to or larger than 100 Pa, as a required condition, is 
Further, since the solid line is located above the 
dashed-and-dotted line, i.e., in the hatched region of 
Rg. 3 when the deposition temperature Is 780!'C to 
800^C and the gas pressure is 100 Pa or larger or when 
the deposition tenrperature is 740**C to SOO^C and the 20 
gas pressure is 125 Pa or larger, it is always possible to 
ensure the effective gate length as above. 

In the following, the evaluation test which was con- 
ducted to evaluate the present invention will be 
described. The deposition condition for a concrete 25 
example for realizing the first and the second preferred 
embodiments above was that the deposition tempera- 
ture: 800**C. the gas pressure: 125 Pa. the flow rate of 
the material gas: 1 SLM (Standard Liter Minute; flow 
rate per 1 liter of capacity of a reaction chamber under 30 
the standard condition of 25*^0 at one atmospheric pres- 
sure), whereas the deposition condition for a compari- 
son example was that the deposition temperature: 
840*^0. the gas pressure: 73 Pa, the flow rate of the 
material gas: i SLM. 35 

The concrete example attained the same or foster 
deposition speed as that in the comparison example 
where the deposition temperature was 840**C, even 
though the deposition temperature was 800**C or lower. 

Further, the numbers of dusts on HTO films depos- 40 
ited in the concrete and the comparison examples were 
measured using 6-inch sample wafers (about 130 cm^). 
In the both examples, there were 10 to 30 dusts of a 
diameter of 0.3 ^m or larger. Thus, it was confirmed that 
the present invention does not increase the number of 4S 
dusts. 

In addition, the refractive indices of the HTO films 
deposited in the concrete and the comparison examples 
and etching rates of wet etching were measured. The 
refractive index was 1.450 to 1.455 in each example, so 
The etching rate was defined as a difference in the film 
thickness of the HTO film before and after etching in a 
hydrofluoric solution which is diluted 20 times with 
ammonium fluoride at a room temperature for one 
minute. The etching rate was 55.5 nm/min In the conrv ss 
parison example, and 54.8 nm/min in the concrete . 
example. Thus, it was confirmed that the film qualities of 
the HTO films were equivalent to each other in the con- 
crete and the comparison examples. 



Still further, the step coverages of the HTO films 
deposited in the concrete and the comparison examples 
were measured. The step coverage was 95 to 100% In 
each example. The step coverage did not deteriorate in 
the concrete example. 

Now,- a description will be given to a method of 
manufacturing a semiconductor device using the 
method of forming a silicon oxide film according to the 
first or the second preferred embodime'nt 

Rgs. 5 to 9 show steps of a first manufacturing 
method of manufacturing a semiconductor devicel 

Rrst. as shown ir^ Rg, 5(a), after forming a twin well 
region 13. an element separation region 14 and a silicon 
oxide film 15 in this order on a semiconductor substrate 
12. a polysiticon film is deposited on the silicon oxide 
film 15. Following this, trichrolide phosphate (POCI3) 
gas 4S flowed within a diffusion furnace. After introduc- 
ing phosphorus Into the polysilicon film to form an N- 
type polysilicon film 16, a first HTO film 17 is deposited 
on the N-type polysilicon film 16. 

Next, photolithography and dry etching are per- 
formed on the silicon oxide film 15, the N-type polysili- 
con film 16 and the first HTO film 17 to thereby form an 
under-the-gate insulating film 15A. a gate electrode 16A 
and an above-the-gate insulating film 17A, respectively, 
as shown in Rg. 5(b). Phosphorus ions are then 
implanted into the semiconductor substrate 12.. forming 
an N* region. 

Next, after depositing a second HTO film 18 by the 
method of forming a silicon oxide film according to the 
first or the second preferred embodiment as shown in 
Fig. 5(c), etch back is performed on the second HTO 
film 18, thereby forming a gate electrode side-wall 18A 
as shown in Fig. 6(a). Arsenic and boron are then ion- 
implanted into the semiconductor substrate 1 2 to form a 
source/drain region 19. 

Next, as shown in Fig. 6(b), after depositing a third . 
HTO film 20, a polysilicon film 21 into which an impurity 
is implanted, a tungsten silicide film 22 and a fourth 
HTO film 23 in this order, photolithography and dry etch- 
ing are performed on the polysilicon film 21, the tung- 
sten silicide film 22 and the fourth HTO film 23, thereby 
forming a polycide wire 24 which is formed by the poly- 
silicon film 21 and the tungsten silicide film 22 arid an 
above-the-wire insulating film 23A which is formed by 
the fourth HTO film 23 as shown in Fig 7(a). In this case, 
the third HTO film 20 and the fourth HTO film 23 are 
deposited by the method of forming a silicon oxide film 
according to the first or the second preferred embodir 
ment. 

Next, after depositing a fifth HTO film 25 by the . 
method of forming a silicon oxide film according to the 
first or the second preferred embodiment as shown in 
Fig. 7(b). etch back is performed on the fifth HTO film 
25, whereby a wire side-wall 25A is formed as shown in. 
Fig. 8(a). 

Next, after forming a flattened first inter-layer insu- 
lating film 26 as shown in Fig. 8(b). a contact hole is 
made in the first inter-layer insulating film 26. Following 
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this, after forming a contact by depositing titanium 27, 
titanium nitride 28 and tungsten 29 In this order in the 
contact hole, a first aluminum wire 30 is formed. 

Next, after forming a flattened second inter-layer 
insulating film 31 as shown in Rg. 9. a contact hole is s 
made in the second inter-layer insulating film 31. Fol- 
lowing this, after forming a second aluminum wire 32. a 
phosphate glass (PSG) film 33 and a silicon nitride film 
34 are deposited in this order by a plasma CVD method, 
whereby a passivation film is formed. An opening por- io 
tion 35 for an electrode pad is thereafter formed in the 
phosphate glass film 33 and the silicon nitride film 34. 

During deposition of the second to the fifth HTO 
films 18, 20, 23 and 25. the impurity within the layer 
and the source/drain region 1 9 which are formed in the is 
semiconductor substrate 12 is diffused in a planar direc- 
tion of the substrate. This reduces the effective gate 
length (L^ff). In this case, while a short channel effect 
becomes remarkable and the performance of an ele- 
ment is deteriorated in a conventional method, in the 20 
methods according to the present invention, it is possi- 
ble to suppress diffusion of the impurity since the depo- 
sition temperatures for the second to the fifth HTO films 
1 8, 20. 23 and 25 are low, and therefore, it is possible to 
suppress the short channel effect. 25 

In the first manufacturing method of manufacturing 
a semiconductor device, instead of the third HTO film 20 
and the fifth HTO film 25. other silicide films, such as a 
titanium silicide film, may be deposited as protection 
films. 30 

Fig. 1 0 shows a degree of a decrease [Al^fd in the 
effective channel length in cases where an HTO film is 
deposited under the conditions which were used in the 
concrete and the comparison examples. In the cases, 
ALgff = (a decrease in which Is created during the 35 
manufacturing processes where an HTO film is depos- 
ited under the conditions used in the comparison exam- 
ple) - (a decrease in L^^ which is created during the 
manufacturing processes where an HTO film is depos- 
ited under the conditions used in the concrete example). 40 

The degree of the decrease in the effective channel 
length: ALeff is 0.05 to 0.10 ^im In the case of an N-chan- 
nel transistor, but 0.08 to 0.12 ^m in the case of a P- 
channel transistor. Hence, it is possible to suppress a 
decrease in the effective channel length: Lq^ by maxi- 45 
mum about 0.1 ^m in the case of an N-channel transis- 
tor, by maximum about 0.12 pm in the case of a P- 
channel transistor. 

As described above, according to the first and the 
second preferred embodiments, the effect of preventing so 
a decrease In the effective channel length: L^fi is large 
particularly in a transistor with a rule of 0.5 pm or 
smaller. Since excessive thermal diffusion of an impurity 
is suppressed by depositing the HTO film under the con- 
ditions used in the first and the second prefenred ss 
embodiments, it is possible to improve a transistor per- 
formance and to prevent deterioration in an element 
separating characteristic. 
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Figs. 1 1 to 13 show.steps of a second manufactur- 
ing method of manufacturing a semiconductor device 
which is formed by a flash EEPROM (Electrical Erasa- 
ble Programmable Read Only Memory). 

Rrst. as shown In Rg. 1 1{a). after forming an ele- 
ment separation region 44 and a silicon oxide film 45 on 
a semiconductor substrate 42 in this order, a pblysilicon 
film is deposited on the silicon oxide film 45. Following 
this, trichrolide phosphate (POCI3) gas is flowed within 
a diffusion furnace to introduce phosphorus into the 
polysiliconfilm. whereby a first N-type polysilicon film 46 
is formed. 

Next, after forming a first HTO film 47 with a thick- 
ness of 1 0 to 25 nm on the first N-type polysilicon film 46 
by the method of forming a silicon oxide film according 
to the first or the second preferred embodiment as 
shown in^ Fig. 11 (b), a second N-type polysilicon film 48 
which Is doped with phosphorus is deposited on the first 
HTO film 47, 

Nect. as shown In Rg. 11(c). photolithography and 
dry etching are performed on the first HTO film 47 and 
the.second N-type polysilicon film 48. to thereby form an 
under-the-gate insulating film 45A. a floating gate efec- 
trode 46A, an inter-gate insulating film 47A and a con- 
trol gate electrode 48A. 

Next, as shown in Fig. 12(a). phosphorus is ion- 
implanted, into the semiconductor substrate 42 to form 
an N' region. Following this, after depositing a second 
HTO film by the method of forming a silicon oxide film 
according to the first or the second preferred embodi- 
ment, etch back is performed on the second HTO film to 
form a gate electrode side-wall 49. Arsenic and boron, 
are then ion-implanted into the semiconductor substrate 
42 to form a source/drain region 50. 

Next, after forming a flattened first inter-layer insu- 
lating film 51 as shown in Fig. 12(b). a contact hole is 
made in the first inter-layer insulating film 51 . Following 
this, after forming a contact by depositing titanium 52. 
titanium nitride 53 and tungsten 54 in this order in the 
contact hole, a first aluminum wire 55 is formed. 

Next, after forming a flattened second inter-layer 
insulating film 56 as shown in Fig. 13. a contact hole is 
made in the second inter-layer insulating film 56. Fol- 
lowing this, after forming a second aluminum wire 57. a 
phosphate glass (PSG) film 58 and a silicon nitride film 
59.are deposited in this order by a plasma CVD method, 
whereby a passivation film is formed. An opening por- 
tion 60 for an electrode pad is thereafter formed in the 
phosphate glass film 58 and the silicon nitride film 59. 

Since a gas flow rate for depositing the first HTO 
film 47 is small and therefore the film thickness of the 
inter-gate insulating film 47A becomes uniform, it Is pos- 
sible to reduce a variation in the performance of the 
flash EEPROM. Further, since a deposition temperature 
of the second HTO film which becomes the gate elec- 
trode side wall 49 is low, it is possible to suppress diffu- 
sion of the impurity within the N" layer . and the 
source/drain region 50, to suppress excessive growth of 
particles in the control gate electrode 46A, and to 
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reduce defects which is generated in the inter-gate insu- 
lating film 47A and mechanical stress upon the under- 
the-gate Insulating film 45A. 

Further, since an interface state density is reduced . 
and leak between gate electrodes is prevented as cbni- s 
pared with a case where a silicon nitride f 3m or the like 
is formed oh the first N-type polysilicon film 46, a data 
holding characteristic does not deteriorate. 

In the second method of manufacturing a semicon- 
ductor device above, if an ONO (OxIde-Nitrkie-QxKle) io 
film is used instead of the silicon oxide film 45 which 
serves as the under-the-gate insulating film 45A. the 
reliability of an element and the data holding character- 
istic are further improved. 

Rgs. 14 and 15 show steps of a third manufacturing is 
method of manufacturing a semiconductor device which 
is formed by a TFT (Thin Rim Transistor). 

Rrst as shown in Fig. 14(a), a gate electrode 72 
which is formed by polysilicon which is doped with high 
fusing point metal or an N-type impurity is formed on an 20 
ITO substrate 71. 

Next, as shown in Fig. 14(b). an HTO film 73 is 
deposited by the method of forming a silicon oxide film 
according to. the first or the second prefen-ed ennbodi- 
ment. Following this, after depositing an amorphous sil- 25 
icon film on the HTO film 73, a polysilicon film 74 having 
a particle diameter of a few fim or larger is formed on 
the amorphous silicon film by Inradiation of an excimer 
laser. 

Next, after forming a first resist pattern 75 on the 30 
polysilicon film 74 as shown in Fig. 14(c), the polysilicon 
film 74 is patterned by dry etching, whereby a patterned 
polysilicon film 74A is formed. 

Next, after forming a second resist pattern 78 on 
the patterned polysilicon film 74A as shown in Fig. 35 
15(a), ions are implanted into the patterned polysilicon 
film 74A using the second resist pattern 76 as a mask, 
to thereby form a source/drain region 77. 

Next, after depositing a metal film over the entire 
surface as shown in Fig. 15(b). the metal film is pat- 40 
terned to form a source/drain electrode 78. 

Next, after depositing a first passivation film 79 over 
the entire surfoce as shown in Fig. 15(c). a hydrogen- 
eration treatment is performed on the passivation film 
79. . 45 

Next, after forming a contact in the first passivation 
film 79, an aluminum wire to be connected with the con- 
tact is formed. Following this, after forming a second 
passivation film, an opening portion is formed in the 
second passivation film. so 

In the third manufacturing method of manufacturing 
a semiconductor device, since the HTO film 73 is 
deposited by the methods of forming a silicon oxide film 
according to tine first and the second preferred embodi- 
merits, it is possible to suppress a variation in tine film ss 
thickness of the HTO film 73. and therefore, to steibilize 
a gate current and reduce thermal damage to the itO 
substrate 71. This makes it possible to manufacture a 
TFT of an excellent quality at a good yiield. 



Claims 

1 . A method of forming a silicon oxide film comprising 
a silicon oxide film depositing step of depositing a 
silicon oxide film by a low pressure CVD method in 
which silane gas and nitrous oxide gas are used as 
principal materials, wherein said silicon oxide film* 
depositing step is performed under a deposition 
condition that a deposition temperature is 800**C or 
lower and a gas flow rate of said principal materials 
is 0.018 liter/min or smaller jDer i liter of capacity of 
a reaction chamber under a standard condition of 
25**C at one atmospheric pressure. 

2. The method of forming a silicon oxide film of Claim 
1 , wherein said deposition condition includes a con- 
dition that a gas pressure of said principal materials 
is 1 70 Pa or smaller. 

3. The method of forming a silicon oxide film of Claim 
1 , wherein said deposition condition includes a con- 
dition that a gas pressure of said prirtcipal materials 
is 1 25 Pa or smaller. 

4. A method of forming a silicon oxide film comprising 
a silicon oxide film depositing step of depositing a 
silicon oxide film by a low pressure CVD method in 
which silane gas and nitrous oxide gas are used as 
principal materials, wherein said silicon oxide film 
depositing step is performed under a deposition 
condition that a deposition temperature is 800''C r 
lower aind a gas pressure of said principal materisUs 
is 100 Pa or larger. 

5. The method of forming a silicon oxide film of Claim 
4, wherein said deposition temperature is from 
780^'C to dOO^'C and a gas pressure of said princi- 
pal materials is 100 Pa or larger. 

6. The method of forming a silicon oxide film of Claim 
4. wherein said deposition temperature is from 
780*0 to 800**C and a gas pressure of said prind- 
pal materials is 125 Pa or larger. 

7. A method of manufacturing a semiconductor device 
comprising: 

a gate electrode forming step of forming a gate 
electrode on a semiconductor substrate in 
which an Impurity-lightiy-doped region Is 
formed; 

a side-wall forming step of forming a side-wall 
of a silicon oxide film on said semiconductor 
substrate and at a side surface of said gate 
electrode; and 

a step of forming an Impurity-heavjly-doped 
region by implanting an impurity into said sem- 
iconductor substrate while using said gat 
electrode and said side wall as a masK 
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wherein said side-wall forming step includes a 
' step of forming said silicon oxide film by a low 

pressure CVD method in which silan gas and 
nitrous oxide gas are used as principal materi- 
als, under a deposition condition that a deposi- 5 
tion temperature is SOO^'C or lower and a gas 
pressure of said principal materials Is 1 GO Pa or 
larger. 

8. A method of manufacturing a semiconductor device 10 
comprising: 

a wiring layer forming step of forming a wiring 
layer on a semiconductor substrate which is 
doped with an impurity; and is 
an insulating film depositing step of depositing 
an insulating film of a silicon oxide film on said 
wiring layer, 

wherein said insulating film depositing step 
includes a step of forming said silicon oxide film 20 
by a low pressure CVD method in which silane 
gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a 
deposition temperature is 800**C or lower and a 
gas pressure of said principal materials is 100 2s 
Pa or larger. 

9. A method of manufacturing a semiconductor device 
comprising: 

30 . 

an Insulating film depositing step of depositing 
an insulating film of a silicon oxide film on a 
semiconductor substrate which is doped with 
an Impurity; 

a conductive film depositing step of depositing 35 
a conductive film on said insulating film; and 
an etching step of etching said conductive film 
using said insulating film as an etching stopper, 
wherein said insulating film depositing step 
includes a step of forming said silicon oxide film 4o 
by a low pressure CVD metiiod in which silane 
gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a 
deposition temperature is 800°C or lower and a 
gas pressure of said principal materials Is 100 4s 
Pa or larger. 

1 0. A method of manufacturing a semiconductor device 
comprising: 

so 

a first conductive film depositing step of depos- 
iting a first conductive film which serves as a 
floating gate on a semiconductor substrate 
which is doped with an impurity; 
an insulating film depositing step of depositing ss 
an insulating film of a silicon oxide film on said 
first conductive film; and 



a second conductive film depositing step of 
depositing a second conductive film which 
serves as a control gate on said insulating film, 
wherein said insulating film d^ositing step 
includes a step of forming the silicon oodde f Om 
by a low pressure CVD method in which silane 
gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a 
deposition temperature is 800*^0 or lower and a 
gas pressure of said principal materials is 100 
Pa or larger 

11 - A method of manufacturing a semiconductor device 
comprising: 

a first conductive film depositing step of depos- 
. iting a first conductive film which serves as a 
floating gate on a semiconductor sut)strate 
which is doped with an impurity; 
an insulating film depositing step of depositing 
an insulating film of a silicon oxide film on said 
first conductive film; and 
a second conductive film depositing step of 
depositing a second conductive film which 
serves as a control gate on said insulating film, 
wherein said insulating film depositing step 
includes a step of forming said silicon oxide film 
by a low pressure CVD method in which silane 
gas and nitrous oxide gas are used as principal 
materials, under a deposition condition that a 
deposition temperature is SOO'^C or lower and a 
gas flow rate of said principal materials is 0.018 
liter/min or smaller per 1 liter of capacity of a 
reaction chamber under a standard condition of 
25^*0 at one atmospheric pressure. 

12. A method of manufacturing a semiconductor device 
comprising: 

an insulating film depositing step of depositing 
an insulating film of a silicon oxide film on an 
ITO substrate; and 

a conductive film depositing step of depositing 
a conductive film which serves as a 
source/drain region on said insulating film, 
wherein said insulating film depositing step 
includes a step of forming said silicon oxide film 
by a low pressure CVD method in which silane 
gas and nitrous oxide gas are used as principal 
materials, under a deposition condition tiiat a 
deposition temperature is 800^C or lower and a 
gas pressure of said principal materials is 100 
Pa or larger. 
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